INTRODUCTION
Radiation-induced graft polymerization is a widely used method to produce high performance chemically active polymer materials for adsorption and separation processes on the basis of various commercial polymers available in different forms (films, fibers, resins, textiles, powders) [1] . This method offers an alternative way to combine two highly incompatible polymers and retain the desirable properties of the polymeric components [2, 3] . Besides, it also offers the ability to closely control the graft copolymer compositions and properties by selection of suitable grafting conditions [2] .
In such graft polymerization, the monomer of glycidyl methacrylate (2,3-epoxypropyl methacrylate) has attract high interest due to its epoxy group that can be modified into various functional groups. Figure 1 shows the reaction of radiation grafting of GMA onto HDPE. GMA have been develop to different type of polyethylene trunk polymer, such as films [4] , fibers , non woven fabric and hollow fibers [5] [6] [7] . Besides, radiation grafting of GMA on material made of polypropylene coated with polyethylene also can be achieved [8] [9] . However, those paper mostly used low density polyetylene (LDPE) as the polymer base.
Generally GMA can be grafted by radiation induced graft copolymerisation using organic solvents such as methanol [5, 7, [10] [11] [12] methanol and water solution [13] , ethanol [14] , dimethyl sulfoxide [9] , and acetone [15] . However, instead of grafting GMA on organic solvent this monomer can be emulsified by surfactant in water and can be grafted onto the trunk polymer. From economical perspective, this technique found to be more efficient compared with grafting with normal solvent. Under a proper chosen condition of emulsion, the radiation chemical yield of emulsion polymerization can attains very high values. The characteristics of radiation induced graft polymerization by emulsion give more advantages compared to other methods [16] , as follows: (1) Radiation induced graft polymerization by emulsion requires low dose rates and low absorbed dose. (2) Emulsion polymerization is carried out in water as dispersion medium. (3) The efficiency of radiation emulsion is much higher than the polymerization in bulk or suspension. (4) In industrial scale, emulsion polymerization waste water can be recycled directly after isolation without any purification.
Seko group [4, 16] studied GMA radiation grafting by emulsion into polyethylene fiber with different surfactants. However, there is no study about radiation induced grafting of GMA onto HDPE resin through emulsion route. In this work, the grafting onto HDPE resin was investigated in the | 94 | emulsion of GMA. The kinetic of irradiation dose, monomer concentration and effect of temperature was also investigated. The evidences of the grafted resin were studied using FTIR.
EXPERIMENTAL
High Density Polyethylene (HDPE) resins, obtained from Polyethylene Malaysia were used as the polymer base. Glycidyl Methacrylate (GMA) was purchase from Fluka and used without any purification. Polyoxyethylene sorbitan monolaurate (Tween-20, termed Tw-20) were supplied from Sigma-Aldrich were used as surfactant.
The HDPE resin was grained into 400-650 µm size. Then, 5.00 g of HDPE resin were put into polyethylene bag and displaced the air in the bag with nitrogen. This bag was irradiated with electron beam (2 meV, 1mA) with the total dose of 10-40 kGY at room temperature.
The GMA emulsion was prepared by adding GMA into Tw-20 aqueous solution of concentration range from 0.1% to 10% until the concentration of GMA become 2-12%. This emulsion was stirred at room temperature for 1 hour and dearated with nitrogen gas.
The obtained emulsion of GMA was sucked into the evacuated glass ampoule in which the irradiated HDPE resins were transffered. The glass ampoule was heated in the oven at different temperature ranging of 35-60°C to initiate the graft polymerization. After grafting reaction completed, the grafted HDPE resins were taken out of the glass ampoule and rinse with disstilled water and methanol to remove residual monomer and homopolymer. After being dried under vacuum in oven, the amount of GMA grafted onto HDPE resins was evaluated by the degree of grafting (Dg) using equation (1) .
The grafted resin were characterized by FTIR (Perkin Elmer System 2000) spectroscopy. The original and grafted resins were hot pressed at 110 o C to form into films the FTIR spectroscopy analysis. 
RESULTS & DISCUSSION
Preparation of HDPE resins were carried out in two steps. Firstly, HPDE resin will be irradiated with electron beam. Secondly, GMA emulsion will be grafted onto irradiated HDPE resin under various condition. The degree of grafting calculated gravimetrically from the weight before and after grafting. The experiment was investigated under various parameter include surfactant concentration, irradiation dose, monomer concentration and grafting temperature.
To investigate the effect of surfactant concentration, GMA was grafted on HDPE resin with 30 Kgy irradiation at 10% GMA. The effect of surfactant concentration is shown in figure 2 .The increament of Tw-20 concentration from 0.1% to 0.7% at 10% of GMA lead to increase degree of grafting. However, 0.5% of surfactant concentration provides longer emulsion stability compared to 0.7% of Tw-20.
The study of the effect of radiation dose on the graft polymerisation was carried out at 60° C in 10% GMA emulsion with 0.5% Tw-20. The degree of grafting were investigated with different irradiation dose ranging from 10 to 40 Kgy as a function of reaction time as shown in figure  3 . For all doses as time increase the degree of grafting increases. Degree of grafting is dectated by the amount of radicals produced in the irradiated polyethylene resins. Therefore, increment of irradiation dose should lead to the increment of degree of grafting. The degree of grafting value after 5 hour reach 43%, 63%, 91%, and 102% at dose of 10, 20, 30, and 40 Kgy, respectively. The maximum degree of grafting occured at 40 Kgy. This trends showed a good agreement with upon grafting of GMA onto PE fiber by emulsion.
The effect of monomer concentration was investigated at range 2-12% of GMA. The relationship between the monomer concentration and the degree of grafting at 30 Kgy is shown at figure 4. The degree of grafting increases with the increase of GMA concentration until reaches its maximum concentration at 10%. While above 10% GMA concentration, degree of grafting slightly decreases. This phenomenon happens due to fast initial reaction rate of grafting followed by slow reaction due to the lower monomer concentration and the reduction on number of active sites on the polymer background Kinetics of GMA radiation grafting by emulsion can be study by corelating function of monomer concentration and the irradiation dose. The following equation shows the relation of grafting rate with monomer concentration, radiation dose and surfactant concentration:
where Rg is the initial rate of grafting (% grafting/hour), M is the monomer concentration (% weigh), D is the radiation dose (kGy) and Kg is the grafting rate constant. The rate of polymerizarion (Rg) is calculated from the slope of the linear portion of the degree of grafting versus time plots. Values of parameters a and b were found by plotting the logarithmic initial rate of grafting (Rg) for various GMA concentrations and irradiation doses. The values of a and b were found to be 0.94 and 0.60 respectively, which indicates that the grafting increases almost linearly with the concentration while increases parabolically with the irradiatin dose. The kinetic equation for the grafting of GMA onto HDPE by emulsion may be expressed as:
0.94 [D] 0.60 Figure 5 : Log-log plots of grafting initial rates and monomer concentration.
| 96 | Figure 6 : Log-log plots of grafting initial rates and irradiation dose.
Influence of reaction temperature of reaction on kinetics of copolymerization is extremely complex and can affect various characteristic in grafting system. Figure 7 shows the relationship between degree of grafting and the grafting time; having various grafting temperature. It is found that the increase of temperature leads to the increment of degree of grafting. The increment degree of grafting at higher temperature occurs because grating temperature improves the difussion of monomer into polymer matrix and also in the same time accelerates the decay radicals. Arrhenius plots for radiation graft copolymerization of GMA onto HDPE resin are shown in figure 8 . Arrhenius study can be calculated using equation as follow:
Where k is the grafting rate constant, A is the preexponential rate constant, Q is the activation energy, R is the universal gas constant (8.31 J K -1 mol -1
) and T is the absolute temperature. The relationship between ln G and 1000/T is linear at different temperatures. The slope of the linear equation gives the value of Q/R and the intercept gives the natural logarithm of the preexponential rate constant A. From the calculation, the overall activation energy of emulsion grafting GMA onto HDPE was determined to be 31 KJ/mol. Grafting of polyethylene onto HDPE particles were confirmed by FTIR spectral analysis. Typical FTIR spectra of the HDPE-g-GMA, GMA and original HDPE resins are shown in Figure 9 . Compared to original HDPE particles, GMA spectrum and the spectrum of the GMA grafted HDPE (HDPE-g-GMA) resins at different grafting degree 39%, 65% and 91%. The CH 2 absorption bands of the PE resins appear at 2915 and 2847 cm 
CONCLUSION
GMA is a well known monomer which can be grafted onto various polymer types using organic solvent. On the other hand, instead of the organic solvent, GMA can be emulsified by surfactant to be grafted in aqueous system onto HDPE resin. The degree of grafting was found increased with the increment of preirradiation dose up to 40 kGy. The degree of grafting increases with the increase of GMA concentration until reaches its maximum concentration at 10%, then the degree of grafting slightly decreases after that. The order of dependence of the initial rate of grafting on the monomer concentration and the irradiation dose was found to be 0.94 and 0.60, respectively. The emulsion radiation grafting method was found to offer essential advantages over the conventional grafting with solvents including low radiation dose, less monomer concentration and cost effectiveness. The GMA grafted HDPE resin were prepared as precusor cation resin for heavy metal removal application.
